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Introduction
A number of papers (1 -7) deal with the ir and Raman spectroscopic studies of acetic acid monomer and its deuterated derivatives. Considering point mass models, force field calculations were carried out by Thomas (8) , and Nakamoto and Kishida (9) . Other force field calculations for acetic acid were carried out by Fukushima and Zwolinski (10) using a modified Urey-Bradley force field, and by Brooks and Haas (I I), Alfheim and Cyvin (12) , and Meyer et 01. (5) using valence force fields. In the widely used least-squares method of force field refinement, an initial force field matrix (F,,) is set up by transferring the force constants from chemically related molecules, ,and then refined using experimental data such as vibrational frequencies. The diagonal force constants can reasonably be transferred among chemically related molecules but in the case of interaction force constants, such a transfer is not justified as it very much depends on the geometry of the molecule. In the previous studies (13 -17) it is found that the CNDO/force MO calculations predict reasonably well the signs of interaction force constants. The magnitudes of bending as well as stretch-bend and bend-bend interaction force constants are also reasonably estimated by these calculations. The stretch-stretch interaction constants are about 50% higher than the experimental values and the stretching force constants are overestimated by a factor of 2 to 3.5. CNDO/force calculations provide us with a reasonable way of choosing the bending and interaction force constants for the F, matrix in order to perform least-squares refinement. It was pointed out by IUPAC (18) that the force constants corresponding to the coordinates expressed by redundancy conditions are indeterminate and recommendations were made that redundancy-free coordinates should be used in order to have meaningful force fields. In the present work, initial force field is set up by taking interaction and bending force constants from CNDO force field and trans- ' To whom all correspondence should be addressed.
ferring stretching force constants from the force fields of chemically related molecules from literature. Redundancy-free internal valence force field (RFIVFF) is then calculated by refining this force field using vibrational frequency data on various isotopic species of acetic acid.
Computational details and results
The CNDO/force calculations are carried out using a modified form (15) of Pople's computer program CNINDO (19) . The molecular geometry is optimised as described earlier (13, 15) using the steepest descent method. The forces are then calculated by distorting the molecule from the optimised reference geometry in the positive and negative directions of redundancy-free internal coordinates. The distortions considered are 1 pm, lo, and 2" respectively for stretching, bending, and torsional coordinates. The CNDO force constants are then derived from the forces using the relationships given earlier (15). The redundancy-free internal coordinates2 are expressed below in terms of the internal coordinates given in Fig. 1 . ' The CNDO/force field is given in Table 1 .
In-plane: vibrations. Calculations for A ' and A" vibrations were carried out separately. Since the number of independent force constants of acetic acid exceeds the number of available vibrational frequencies, some reasonable constraints on the force field are imposed. For the experimental force fields 38 significant parameters were considered for A' species whereas 9 force constants were considered for A" species. The force constants are refined using 46 frequencies for A' species and 19 frequencies for A" species. In the case of A' vibrations, the parameters F 8 , 9 and F 8 , 1 1 corresponding to the interactions pc=o/Ss(CH3) and pc,o/p 1 1 (CH,) respectively are constrained to zero, since the trial calculations carried out indicate negligibly small values for these constants. The force constant F 1 7 , 1 7 corresponding to the methy 1 group torsional mode is kept fixed at 0.004 X 10-In N m rad-' based on similar values obtained for acetaldehyde and acetone (17) . The experimental force field obtained is also included in Table 1 . In Table 2 the calculated and observed frequencies are given along with the potential energy distributions (PED).
Discussion
The force field reported in this work is rather too elaborate and includes all the diagonal and off-diagonal force constants. Meyer et al. (5) reported a value of 8.048 x 10' N m-' for the carbonyl stretching force constant (Fcro) of acetic acid which is considerably different from the present value (12.692 x 10' N m-I). In a redundancy valence force field obtained by Ha, Meyer, and Gunthard (23) employing the ab initio results as the initial force constants and refining the force field using vibrational frequency data, the Fc=, of formic acid was found to be 13.05 ( 5 ) acetaldehyde, and acetone are considered (17) . Force constants of C-0 and 0-H stretching, and COH bending modes of acetic acid are very close to the corresponding force constants of formic acid (23) . The C=O/C-0 interaction force constant obtained in this work (1.327 x 10' N m-') is in good agreement with the ab initio value reported by Ha eta/. (23) for formic acid (1.3 x 10' N m-I). The C-0 stretching force constant of acetic acid (6.065 x 10' N m-') is greater than the corresponding force constants of methyl alcohol (5.4 x 10' N m-') (25) and diethyl ether (5.04 x 10' N m-I) (26) . In both the studies (25, 26) , the initial force fields were transferred from chemically related molecules and not obtained from MO calculations and whereas the force field obtained for methanol was redundancy free, the force field for ether had redundant force constants. However, a greater C-0 stretching force constant in acetic acid in comparison to methyl alcohol and ether, to some extent, may be in order'because of 7~ electron delocalisation in acetic acid. This is also reflected in the C=O/C-0 interaction force constant which has a very high positive value in the case of acetic acid. The force constants corresponding to the methyl group vibrations do not differ significantly from those obtained for acetaldehyde and acetone in similar calculations (17 
